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Multi-Bit Successive-Approximation
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converter
gorithmic (or cyclic) A/D converter

Basic Operation

‘ start ’

Sample V=Vin, i=0

. 10
EX) N = 4b|t y Vin = Evref
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Vref
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3/4Vref
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Fig. 17.14 Flow graph for the algorithmic and
pipelined converter approach




converter
gorithmic (or cyclic) A/D converter

Algorithmic ADC block diagram

Algorithmic converter 10
""16

Ex) N = 4bit, V, =—FS

p{ Shift register y Out

Fig. 17.15 Algorithmic converter

'Vref b=0

B,,=1010

£ Small amount of analog circuitry l SAR ADC.8f E'2/ capacitor array &

DAC L4102 B2/ qain
22 Requires N step for N-bit converter Y H410f 2 8f< g




converter
gorithmic (or cyclic) A/D converter

Example 1

Find V, and b;(i=1,2,3,4,) during the operation of the 4-bit & 6bit algorithmic

(or cyclic) converter. Assume that V,, = 1.23V, V,; = 10V.
A

Vref

bz=1

3/4V et

b4=1

10/16Ves

1]

1/2V et

1/4V et P

0

= Cmp A/8V s b2=0

!

b1=0
p{ Shift register ) Out 12Vt
-3/4Vyet

Fig. 17.15 Algorithmic converter
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B,,=0011

out




converter
gorithmic (or cyclic) A/D converter

Example 1(Cont.)

Find V, and b;(i=1,2,3,4,) during the operation of the 4-bit & 6bit algorithmic
(or cyclic) converter. Assume that V,, = 1.23V, V,; = 10V.

p| Shift register » Out

Fig. 17.15 Algorithmic converter

1=5 I =6 - 4bit converter
! I
— I
V, =4.68V >0 I V, =436V >0 ! b, = 0011 I:> Ve >< 5 —0.9375V
l : ! I
I
V :
V, > Z(V5 —f] : V, > ( ]I - 6bit converter @ LR
|
15
=4.36>0 : 72> : b, =001111 B V. =5 X5=L172V
! l l i ;
b, =1 [ -1




What will happen if the comparator has an offset of 30 mV ?

-i=1

converter
gorithmic (or cyclic) A/D converter

Example 2

1]

V, =V, =123V >0
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| Shift register

Fig. 17.15 Algorithmic converter
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converter
gorithmic (or cyclic) A/D converter

Algorithmic (or cyclic) A/D converters

Multiply-by-two gain circuitry

Ge [ I——
G 0 c pp—." @ @, (risin :
| : 2 1 g edge) : G1, G2, G5 turn
Vi O—ﬁ —l @ l on =V, sampling
T T Cq
_| l_GE' 4 —\
CLOCK
Vaer %2 o - Gs
] > .
G, —
GEJ_ % I_ L /C -
Vine © @ Il @ 1 4
Ty C, b2 ==
6, — I Vin I
Multiply-by-two gain circuitry VIN—_+|CI__ ST \CS
1 o0 o + oV
A> out
1 O\C - O Vouts
« Operation Voo —f ] 2 /C
- 71: G1, G2, G5 g =

- @2 : G3, G4, G6, G7
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Multiply-by-two gain circuitry

@ O,(falling edge) : G3, G4, G6, G7 turn

on
CLOCK

a1

converter

gorithmic (or cyclic) A/D converter

Algorithmic (or cyclic) A/D converters

a2

CLOCK

a1

@2

a3

VREF
C
— |-

Y

-V|N_
VIN-’\—/”_—>
Hi- c
Ci + A> 0 Vout-
P o Vout+
11 Cs
+ - i
VIN+
'V|N_
_"_VIN- {} c
Vin-—— — Gs : Gs
V
Ci ¢ * S c
—O0° - > OR©C > mp
C, G, / Vout Go
Vin+ —+| — | |C4
Vin 11
Vin

12




converter
gorithmic (or cyclic) A/D converter

Algorithmic (or cyclic) A/D converters

Multiply-by-two gain circuitry

@ O,(falling edge) : G3, G4, G6, G7 turn

on

CLOCK
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a3
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SAR & Algorithmic converter

Fig. The signal flow in SAR & algorithmic converter.
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Requires N step for N-bit converter
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16

Pipelined converter

Fig. 17.17 The signal flow in a pipelined A/D converter.
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Basic Operation

Algorithmic converter

:.*_'Z' Returns to input of the converter

Vinc »

----------------
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One-Bit-Per-Stage Pipelined ADC

EVi+1 ': 2[\/i + (bi _0-5)\/

ref

/2]
(17.39)

+Vref/2 A +Vref/2
1 Add or 1
oV subtract oV
Vi > and
C expand o
0) by 2N 0)
'Vref/ 2 v 'Vref/ 2
1st stage 2"d stage
conversion conversion

L Each stages consists of same circuits in pipeline "'
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One-Bit-Per-Stage Pipelined ADC
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Fig. 17.1% A one-bit-per-stage pipelined A/D converter [Martin, 1981].

/’7\‘\ N .
(Vi, =V D (b, —0.5)2" (17.40)
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/'Example 3

Consider the operation of a 3-bit, one bit per stage pipelined converter with
Vet = 1V(OV£0.5V). Find final output digital code, all the residue voltages, V, and the
for a sampled input voltage of V,, = 240mV.

Ve :
i bi :
= Cmp : -

V, =V, =240mV V., =2V, —(b —0.5\V

ref

D b,=1  V,=2\, -V, /4)=-20mV

/2]  (17.39)

@ b,=0 V, =2(V, +V,, / 4) = 460mV

® b,=1 > Final output code b,b,b, =101
> AII the residue voltage :

efz(b —0.5)27  (17.40)

\f —1x [(1 0.5)2*x(0-0.5)2% x(1-0.5)2"° |

A

V., =187.5mV
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/'Example 4

What will happen if the comparator in the second stage has an offset of 30 mV ?

L =2]V. —(b —0.5V

/2] (17.39)

ref

V, =2(V, -V, [ 4)=—20mV (+30mV)

V, =2(V, -V, / 4) = -540mV

> Final output code bb,b, =110

=V i(bi —~0.5)2" (17.40)

v. — 375mV ‘ QA oot AHM LIS X}
(LM B B2:52.5mV)
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